Distribution and mobility of heavy metals in paddy soils

of the Kočani Field in Macedonia by Rogan, Nastja et al.
ORIGINAL ARTICLE
Distribution and mobility of heavy metals in paddy soils
of the Kocˇani Field in Macedonia
Nastja Rogan • Tadej Dolenec • Todor Serafimovski •
Goran Tasev • Matej Dolenec
Received: 21 November 2008 / Accepted: 1 December 2009 / Published online: 16 December 2009
 Springer-Verlag 2009
Abstract Contamination of soils with heavy metals is
widespread and poses a long-term risk to ecosystem health.
Abandoned and active mining sites contain residues from
ore-processing operations that are characterised by high
concentrations of heavy metals. The distribution and
mobility characteristics of heavy metals (As, Cd, Cu, Pb,
and Zn) in paddy soil samples from Kocˇani Field (Mace-
donia) using ICP-EAS and a sequential extraction proce-
dure was evaluated. The results indicate that highly
elevated concentrations of As, Cd, Cu, Pb, and Zn were
detected in the paddy soil sample from location VII-2 in the
vicinity of Zletovo mine and Zletovska river in the western
part of Kocˇani Field, which drains the untreated acid mine
waters and mine wastes from the active Zletovo mine. The
degree of contamination based on index of geoaccumula-
tion (Igeo) from strong to weak in the paddy soils samples is
Pb [ As [ Cd [ Zn [ Cu. The mobility potential of
heavy metals in all paddy soil samples increases in the
order As \ Cu \ Pb \ Zn \ Cd. According to the results
of the anthropogenic impact on the paddy soils, a further
study on the heavy metal concentrations in rice and other
edible crops, the remediation process of the paddy soils and
a dietary study of the local population are needed.
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Sequential extraction  Kocˇani Field (Macedonia)
Introduction
High concentrations of heavy metals are usually found in
the vicinity of abandoned and active mines due to the
discharge and dispersion of the mines’ untreated waste
materials into nearby agricultural soils, food crops, riverine
water, and stream sediments (Jung 2001; Korre et al. 2002;
Liu et al. 2005; Lu and Zhang 2005). Consequently, con-
tamination of soils with heavy metals originating from
abandoned and active mines is widespread and may
adversely affect environmental quality.
Accurate measurements of the heavy metal content of
the neighbouring soils are required to assess the potential
risk of pollution. But to evaluate the true short- and long-
term environmental impact of heavy metals, one of the
most crucial factors to consider is the mobility of heavy
metals. The chemical behaviour of heavy metals in soils
and thus their mobility is controlled by several factors,
including the soil type, pH, cationic exchange capacity,
nutrient status, organic matter content, redox potential,
texture, the nature of the contamination in terms of origin,
and characteristics of the deposition/composition and
environmental conditions that may lead to weathering
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(Ure 1996). The soluble, exchangeable, and chelated metal
species in the soils are the only labile fractions available to
plants (Kabata-Pendias 1993). Therefore, assessment of the
environmental risks requires measurement not only of the
total amount of heavy metals in the soils, but also of
the heavy metals present in the available fraction. A widely
used method for the identification and evaluation of the
availability of heavy metals or the binding forms of heavy
metals in soils is soil leaching by means of chemical ex-
tractants. During recent decades, several leaching/extrac-
tion tests have been developed and modified for these
purposes in the fields of geochemistry, marine chemistry,
and agricultural science (Tack and Verloo 1995). Among
the various sequential procedures presented, the most
widely applied is that proposed by Tessier et al. (1979).
Numerous studies have investigated the heavy metal
concentrations in soils all around the world (Kabata-Pen-
dias 1993). However, in Macedonia studies of heavy metal
concentrations in soils derived from the abandoned and
active mine wastes are very rare (Dolenec et al. 2007). A
little is known about the distribution of heavy metals in
soils derived from historical and/or recent base-metal
mining, milling, and smelting activities in different parts of
Macedonia. Such an example is Kocˇani Field in eastern
Macedonia, which is well known for its thermal waters,
long history of base-metal mining, and paddy fields of rice
(Oryza sativa L.). The untreated wastes from old aban-
doned mine sites and the present mining activities in the
Pb–Zn Zletovo-Kratovo and Sasa-Toranica ore district,
located in the vicinity of the Kocˇani Field, were spread
across the entire region of Kocˇani Field, comprising a high
load of heavy metals. Continuous water sampling in the
area of Kocˇani Field has suggested that the riverine waters
from Zletovska river and Bregalnica river used for irriga-
tion of the Kocˇani paddy fields were contaminated with
heavy metals on account of the discharge of acid mine
water and untreated effluents derived from the ore-pro-
cessing facilities from the Zletovo mine and Sasa mine into
the abovementioned rivers (Serafimovski et al. 2004). For
this reason, it is very likely that the paddy soil in this area
contains increased levels of heavy metals.
In this context, the objectives of the present study were:
• to detect the total heavy metal concentrations in paddy
soil samples from sampling points in Kocˇani Field,
• to apply the sequential extraction method (leaching
procedure) to determine the available fraction of heavy
metals in the investigated soil samples,
• to evaluate the distribution of heavy metals and their
mobility characteristics,
• to assess the degree of contamination with an index of
geoaccumulation (Igeo) and
• to conduct an environmental risk.
Materials and methods
Study area
The study area of Kocˇani Field is located in eastern Mac-
edonia, about 32 km from the city of Stip and 115 km from
the capital city, Skopje. With an average length of 35 km
and width of 5 km, Kocˇani Field is situated in the valley of
Bregalnica river between the Osogovo Mountains in the
north and the Placˇkovica Mountains in the south (Fig. 1).
The paddy soil of Kocˇani Field was estimated to originate
from the composite material of the sediment derived from
igneous, metamorphic, and sedimentary rocks transported
by the Bregalnica river and its tributaries and deposited in
the Kocˇani depression (Dolenec et al. 2007).
The broader region has a long history of mining dating
to the pre-Middle Ages, with the most recent phase of
mining starting after the Second World War.
The Zletovo Pb–Zn deposit is situated along the active
continental margin and is intimately associated with the
Tertiary volcanism and hydrothermal activity of the area.
The Zletovo mine is located 5 km NW from the Zletovo
village and about 7 km from the city of Probistip (Fig. 1).
Continuous exploitation of the mine started after the Sec-
ond World War and it has an annual capacity of
300,000 tons (9% Pb and 2% Zn) and significant concen-
trations of Ag, Bi, Cd, and Cu. The mine is active to date
with production of Pb–Zn concentrate. Mineral association
comprises galena (principal ore mineral) and sphalerite,
with subordinate pyrite, lesser amounts of siderite, chal-
copyrite, and occasional pyrrhotine, marcasite, and mag-
netite. Minor occurrences of U-mineralisation have also
been discovered (pitchblende). Ore is concentrated by
flotation at Probistip and tailings stored in two impound-
ments situated in adjacent valleys (Serafimovski et al.
2004).
The Sasa-Toranica ore district lies in the Osogovo
Mountains, 10 km from the city of Makedonska Kamenica.
It occupies an area of about 200 km (Fig. 1). The forma-
tion of the Sasa deposit is related to the late Alpine tec-
tonic, magmatic and mineralisation processes. The Sasa
mine has been in production for over 45 years, yielding
90,000 tons of high-quality Pb–Zn concentrate annually.
The important Pb and Zn deposits are always accompanied
by variable amounts of Cu, Au, Ag, Mo, and Sb. The ore is
usually found in quartz–muscovite–graphitic schists and
also in greenschists and marbles. Ore is concentrated at the
mine by flotation, and tailings are stored in a dam in a
narrow valley just below the mine (Serafimovski et al.
2004).
Therefore, the mining activities, old abandoned mine
sites, bare tailings, and large amounts of untreated waste
material as well as the effluents from the Pb–Zn Zletovo
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and Sasa mines have caused an increase in heavy metal
loads across the entire region and surrounding ecosystem
(water, sediment, soil, biota, …).
The Zletovska river drains the central part of the Kra-
tovo-Zletovo volcanic complex and the flotation plant at
Probistip from the Pb–Zn Zletovo mine and its ore-pro-
cessing facilities (Fig. 1). The Bregalnica river, together
with its tributaries (Kamenica river), drains not only the
igneous, metamorphic, and sedimentary rocks dating from
Precambrian to Holocene, but also mine waste, including
tailings, mill sewages, and mine effluents from the aban-
doned and active Pb–Zn mines (Sasa) (Fig. 1).
Previous investigations have confirmed that the water
from the Zletovska and Bregalnica rivers was contaminated
with heavy metals as a result of untreated mining wastes
from the Zletovo-Kratovo and Sasa-Toranica ore districts
(Serafimovski and Aleksandrov 1995). Repeated water
sampling of the Zletovska river has shown marked chem-
ical variations of As (1.7–25 lg l-1), Cd (0.5–5 lg l-1),
Cu (6–10 lg l-1), Pb (10–24 lg l-1) and Zn (101–
1,250 lg l-1), which can be explained by the water-flow
conditions, the varying degrees of mine edits and tailing
dam leaching effluent inputs from the Pb–Zn Zletovo mine
into the riverine water. The determined concentrations of
the above-mentioned heavy metals in the Bregalnica are
lower than values from the Zletovska: As (0.53 lg l-1), Cd
(0.39 lg l-1), Cu (3 lg l-1), Pb (2.4 lg l-1) and Zn
(67 lg l-1) (Serafimovski et al. 2004).
The Kamenica, one of the most severely polluted trib-
utaries of the Bregalnica, drains untreated mine effluents
from the Pb–Zn polymetallic ore deposit at Sasa directly
into the artificial Lake Kalimanci. Upon mixing with the
lake water, the concentrations of the pollutants decline.
For that reason, the Bregalnica, when it flows out from
Lake Kalimanci, is less polluted than the Kamenica and
Zletovska rivers. The pollution of the Zletovska is also
easily recognisable in the field. The bed sediments are
coated with Fe and Mn oxides/hydroxides, which are the
major sink for contamination with several trace elements
(Dolenec et al. 2007).
Both the Zletovska and Bregalnica waters are used for
irrigation purposes by local farmers for the surrounding
paddy fields. Thus, the contaminated riverine waters of the
Zletovska and Bregalnica represent a serious pollution
source that could affect the soil as well as the food crops of
Kocˇani Field.
Soil sampling and analysis
The sampling of the soil took place in autumn 2005 in
order to determine concentrations of the potentially toxic
heavy metals, including As, Cd, Cu, Pb, and Zn, that
originate from base metal mining activities in the region.
The soil was collected from five locations across the
Kocˇani paddy fields (Fig. 2). Near-surface soils were
sampled (0–20 cm in depth), because in the agricultural
Fig. 1 Map of the study area,
Kocˇani Field, Macedonia
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soil it is not possible to distinguish the A, B, and C hori-
zons. The samples were obtained using a plastic spade to
avoid any heavy metal contamination. Each soil sample
comprised a composite of five sub-samples taken within a
1 9 1 m square. After air-drying at 25C for a week, the
soil samples were disaggregated and sieved through a
2 mm polyethylene sieve to remove plant debris, pebbles,
and stones. Soil samples were then ground in a mechanical
agate grinder to a fine powder for subsequent geochemical
analysis.
All paddy soil samples were analysed for As, Cd, Cu,
Pb, and Zn concentrations in a certified commercial
Canadian laboratory (Acme Analytical Laboratories Ltd.)
after extraction for 1 h with 2-2-2-HCl-HNO3-H2O at 95C
by inductively coupled plasma mass spectrometry (ICP-
MS). The accuracy and precision of the soil analyses were
assessed using international reference material such as
CCRMR SO-1 (soil) and USGS G-1 (granite). The ana-
lytical precision and accuracy were better than ±5% for the
analysed elements.
Sequential extraction of heavy metals
The binding forms of heavy metals in soil samples were
established according to the sequential chemical extraction
method (Tessier et al. 1979; Li et al. 1995). The soil
samples, weighing 1 g, were placed in screw-top test tubes.
To each sample was added 10 ml of leaching solution, the
caps were screwed on, and the tubes were subjected to the
appropriate extraction procedure depending on the stage of
the leach. For sequential leaching, the sample was leached,
centrifuged, decanted, and washed and then the residue was
leached again in a five-step process from the weakest to
strongest solution or chemical reagent: water ? ammo-
nium acetate ? sodium pyrophosphate ? cold hydroxyl-
amine hydrochloride ? hot hydroxylamine hydrochloride.
Thus, the sequential extraction method operationally
defines heavy metals in five chemical fractions:
1. water soluble fraction (distilled water),
2. exchangeable and carbonate bound fraction (1 M
ammonium acetate),
3. organic (oxidisable) fraction (0.1 M sodium pyro-
phosphate),
4. Mn hydroxide (reducible) fraction (cold 0.1 M hydrox-
ylamine hydrochloride), and
5. Fe hydroxide (reducible) plus crystalline Mn hydrox-
ide (residual) fraction (hot 0.25 M hydroxylamine
hydrochloride).
The concentration of heavy metals in the solution was
then measured using a Perkin Elan 6000 ICP-MS for the
determination of 60 or more elements. QA/QC protocol
incorporated a sample duplicate to monitor the analytical
precision, a reagent blanks measured background, and an
aliquot of in-house reference material to monitor accuracy.
Results and discussion
Total heavy metal concentration
The total concentrations of heavy metals (As, Cd, Cu, Pb,
and Zn) in all paddy soil samples from Kocˇani Field
together with the assumed permissible levels of heavy
Fig. 2 Sampling locations map
of the study area
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metals adopted by the National Environmental Protection
Agency of Slovenia (Uradni List RS 1996) and the maxi-
mum allowable concentrations of trace elements in agri-
cultural soil proposed by the German Federal Ministry of
the Environment (1992), as well as the critical total soil
heavy metal concentration ranges defined by Kabata-Pen-
dias and Pendias (1984), are given in Table 1. The critical
total soil heavy metal concentration is determined as the
range of values above which toxicity is considered to be
possible.
The data clearly show that the paddy soil samples from
locations I-3, II-6, III-5, and VI-4 contain slightly elevated
heavy metal concentrations but the paddy soil sample from
section VII-2 in the vicinity of the Zletovska River is
highly impacted by all the investigated heavy metals: As,
Cd, Cu, Pb, and Zn. The increased concentrations of As
(42.0 mg/kg), Cd (5.6 mg/kg), Cu (99 mg/kg), and Pb
(892 mg/kg) and very high concentration of Zn (1,134 mg/
kg) were detected in the paddy soil sample from section
VII-2 (Table 1). The concentration values of heavy metals
in paddy soil sample VII-2 exceeded the emission limit
values reported by Kabata-Pendias and Pendias (1984), and
the national environmental protection agencies of Slovenia
and Germany (Tables 1, 2).
Many areas throughout the world have been affected by
heavy metal contamination of soil, plants, waters, and
sediments as a result of metalliferous mining activities
(Bird et al. 2003; Jung 2001; Korre et al. 2002; Lee et al.
2001; Witte et al. 2004; Wong et al. 2002). All the heavy
metals studied are important ore-forming elements and are
paragenetically linked to the Pb–Zn polymetallic miner-
alisation of the Zletovo-Kratovo ore district (Zletovo mine)
and the Sasa-Toranica ore district (Sasa) (Dolenec et al.
2007). The paddy soil sample VII-2, located in the vicinity
of the Zletovska river and Zletovo mine, received a com-
paratively higher input of anthropogenically derived heavy
metals than other sampling locations. This pollution is
undoubtedly related to the irrigation of the paddy fields
with riverine water from the Zletovska, which drains acidic
mine waters and untreated wastes from Zletovo mine and is
considered to be moderately to highly polluted compared
with the less polluted Bregalnica river (Serafimovski et al.
2004). The soil samples from other sampling locations are
irrigated with Bregalnica riverine water.
Index of geoaccumulation
The index of geoaccumulation (Igeo), introduced by Mu¨ller
(1969, 1979), can be used to assess metal pollution in soils.
Igeo is expressed as follows Igeo = log2 CN/1.5BN, where
CN is measured concentration of examined metal N in the
soils and BN is the geochemical background concentration
of the metal N. In our calculation of Igeo, BN is the con-
centration of studied metals in the earth’s crust (Taylor and
Mclennan 1995). The factor 1.5 is applied because of the
possible variations in the background values due to litho-
logical variations.
The Mu¨ller Index of Geoaccumulation, Igeo, is divided
into seven grades ranging from unpolluted to very seriously
polluted (Table 3). Grade 6 indicates a 64-fold enrichment
over the background values (Singh et al. 1997).
The Igeo values of As, Cd, Cu, Pb, and Zn in the studied
soils are shown in Table 3. According to the defined Igeo
classes, the soil sample from location VII-2 was highly to
very highly polluted with As, very seriously polluted with
Cd and Pb, moderately polluted with Cu and highly pol-
luted with Zn. The soil samples from other locations were
moderately to highly polluted with As and Pb, moderately
polluted with Cd, uncontaminated to moderately polluted
with Cu and uncontaminated to moderately contaminated
with Zn. Consequently, the degree of contamination from
strong to weak in the paddy soils samples was
Pb [ As [ Cd [ Zn [ Cu.
Table 1 Total elemental concentrations in the paddy soil samples of
Kocˇani Field: (1) critical soil total concentration ranges given by
Kabata-Pendias and Pendias (1984); (2) limits for elemental con-
centrations in soil (Environmental Protection Agency of Slovenia
(Uradni list RS (1996)); (3) Maximum allowable concentrations
(MAC) of trace elements in agricultural soils proposed by the German
Federal Ministry of the Environment (1992)
Element As
(mg/kg)
Cd
(mg/kg)
Cu
(mg/kg)
Pb
(mg/kg)
Zn
(mg/kg)
Location
I-3 18.7 0.5 40 81 162
II-6 11.8 0.3 26 32 100
III-5 8.3 0.2 33 24 102
VI-4 9.9 0.3 29 41 105
VII-2 42.0 5.6 99 892 1,134
1 – 3–8 60–125 100–400 70–400
2 20 1 60 85 200
3 – 1.5 60 100 200
Table 2 Index of geoaccumulation (Igeo) and contamination level
(Hu et al. 2006)
Igeo Igeo class Contamination level
\0 1 Uncontaminated
0–1 2 Uncontaminated to moderately contaminated
1–2 3 Moderately polluted
2–3 4 Moderately to highly polluted
3–4 5 Highly polluted
4–5 6 Highly to very highly polluted
[5 7 Very seriously polluted
Environ Earth Sci (2010) 61:899–907 903
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From an environmental point of view, it is notable that the
paddy soil sample from location VII-2 with highly elevated
heavy metal concentrations and values of index of geoaccu-
mulation represents a serious risk for surrounding ecosystems.
Sequential extraction procedure
(heavy metal-binding forms)
When the sequential leaching procedure is applied to the
chemical partitioning of heavy metals in soil samples, ex-
tractants such as electrolytes, weak acids, and chelating
agents release metals from coordination sites, while strong
acids and redox agents are capable of releasing additional
quantities of metals as a result of the decomposition of the
solid matrix.
In the sequential extraction procedure the labile/residual
fractions considered were water soluble fraction (1),
exchangeable and carbonate bound fraction (2), bound to
organic matter—oxidisable fraction (3), bound to amor-
phous Mn hydroxide—reducible fraction (4), and bound to
amorphous Fe hydroxide and crystalline Mn hydroxide—
reducible and residual fraction (5).
Figure 3 presents the results of the sequential extraction
procedure (heavy metal-binding forms).
The water soluble fraction (1) includes metal species,
which are easily soluble and thus highly mobile and
potentially bioavailable in the environment. The leaching
of metals in this fraction is a major environmental concern
(Filgueiras et al. 2002). The most leachable portions in soil
samples were observed for Cu (3.8%, Fig. 3c).
The exchangeable fraction (2) contains (electrostati-
cally) weakly bound heavy metal species, which can be
released through ion-exchange processes, and metals,
which are precipitated with carbonates (Filgueiras et al.
2002). Changes in ionic composition, influencing adsorp-
tion–desorption reactions, or lowering the pH could cause
the remobilisation of metals from this fraction. Metals in
the exchangeable fraction are the most readily available for
plant uptake and therefore very labile. In all paddy soil
samples only, Cd showed a strong tendency to be extracted
in this fraction (49.21%, Fig. 3b).
The oxidisable fraction (3) corresponds to elements
occurring as oxidisable minerals and organically bound
metals. Under oxidising conditions, this fraction releases
metals linked to organic matter within the soil matrix into
solution. The extraction of Cu (70%, Fig. 3c) was pre-
dominantly connected only with this fraction in all paddy
soil samples. The element As was also bound to the oxi-
disable fraction (42.45%, Fig. 3a).
The reducible fraction (4) comprises unstable metal
forms connected with amorphous Mn hydroxides. The
elements strongly bound to these oxides are thermody-
namically very unstable under reducing conditions and
therefore easily discharged and available for the sur-
rounding biota. According to Fig. 3, three of the heavy
metals studied exhibited a clear tendency to be leachable in
the reducible fraction. Cd (68%, Fig. 3b), Zn (49.19%,
Fig. 3e), and Pb (38.96%, Fig. 3d) are to a considerable
extent leachable and thus potentially bioavailable in all
paddy soil samples.
In the reducible plus residual fraction (5) the metals
are linked to amorphous Fe hydroxides (reducible part)
and under reducing conditions are expected to be
released in nature. The residual fraction contains natu-
rally occurring crystalline Mn hydroxide minerals which
may hold heavy metals within their crystalline matrix.
Heavy metals in residual are not likely to be discharged
under normal environmental conditions. Therefore, the
metals associated with this fraction can only be mobi-
lised as a result of weathering (Dean 2007; Filgueiras
et al. 2002; Fuentes et al. 2004; Kazi et al. 2002). The
distinct inclination of the potentially toxic metals As
(64%, Fig. 3a), Pb (55.3%, Fig. 3d), and Zn (36.9%,
Fig. 3e) to be partitioned in the residual fraction is
especially worth mentioning.
Mobility potential of heavy metals
The mobility, immobility, and consequently the toxicity
of heavy metals in paddy soils depend most of all on their
types of binding forms. Table 4 displays the mobility
potential of heavy metals in different forms. All the heavy
metals investigated were extracted in the water-soluble
fraction in very low percentages (Fig. 3). The Cu has the
highest percentage mobility in the water-soluble fraction,
which means that it should be the most readily available
element from the environmental point of view. Because
the percentage of Cu in the extraction solution was very
low, Cu does not represent a serious environmental risk.
Cd has the highest ability, susceptibility, and mobility
potential to be released from the soil by a simple ion-
exchange mechanism. However, Cu was found to be
relatively insensitive to ion-exchange processes. Cu
and As absorbed into the organic matter appear to be
very labile under aerobic conditions and stable under
anaerobic conditions. Under varied reducing conditions,
Table 3 Igeo values of elements in the studied soils
Element/location As Cd Cu Pb Zn
I-3 3.64 1.8 -1.47 2.75 0.43
II-6 2.98 1.03 -2.12 1.42 -0.26
III-5 2.47 0.44 -1.79 1 -0.23
VI-4 2.72 1.03 -1.94 1.77 -0.19
VII-2 4.81 5.25 -0.18 6.21 3.24
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mobilisation and release of Zn and Cd from the soils are
expected. Pb and As represent the highest proportions in
the reducible and residual fractions, which indicates that
these two elements are the most non-mobile and thus
potentially the least harmful. The residual concentration
of any heavy metal is considered to be the non-mobile
fraction and is an important part influencing the nature of
the heavy metal mobility. Consequently, Cd is the most
mobile and As the least mobile element, and the mobility
potential of all heavy metals increases in the order
As \ Pb \ Zn \ Cu \ Cd in the paddy soil samples
studied.
Given the results of the anthropogenic impact on the
paddy soils, a further study on the heavy metal concen-
trations in rice and other edible crops and the remediation
of the paddy soils by the immobilisation of heavy metals
are an unavoidable necessity. A project for diminishing
heavy metal content in contaminated soils by adding
materials which have a high capacity to bind metals
in possibly slightly mobile fractions (phosphorites, zeo-
lites, montmorillonites, and humic organic matter) is in
preparation.
A dietary study of the local population is also needed to
assess the possible health risk.
Fig. 3 Heavy metal binding forms in paddy soil samples from sampling locations (I-3, II-6, III-5, VI-4 and VII-2) different locations
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Conclusions
In this study, the distribution and mobility characteristics of
heavy metals (As, Cd, Cu, Pb, and Zn) in paddy soil
samples from Kocˇani Field, Macedonia, were investigated.
The total concentrations of heavy metals were detected
using ICP-EAS analysis and heavy metal-binding forms
were determined using a sequential extraction procedure.
The results showed that the paddy soil sample (section VII-
2) from the western part of Kocˇani Field in the vicinity of
the Zletovska river exhibited very high concentrations of
As, Cd, Cu, Pb, and Zn which significantly exceeded the
limits proposed by the Slovenian and German environ-
mental agencies and critical total soil concentration ranges
given by Kabata-Pendias and Pendias 1984. The elevated
concentrations of As, Cd, Cu, Pb, and Zn in paddy soil
sample VII-2 undoubtedly indicated heavy metal contam-
ination related to the irrigation of paddy fields with riverine
water of the Zletovska River which drains the untreated
wastes from Zletovo mine. According to the heavy metal
concentrations and Igeo values described the paddy soil
sample from location VII-2 represents a serious potential
environmental risk to the surrounding ecosystems.
The most exchangeable, labile, and available element
for plant uptake and furthermore for possible contamina-
tion of the surrounding ecosystem in all paddy soil samples
is Cd. The elements Pb and Zn are mostly associated with
amorphous Mn hydroxides, and with amorphous Fe
hydroxides in the reducible fraction. For that reason they
are very unstable and mobile under reducing conditions. Cu
is predominantly bound to organic matter and consequently
released under oxidising conditions into the environment.
The element As is also weakly linked to organic matter and
in larger proportions connected to amorphous Fe hydrox-
ides, which are usually very leachable, and to more crys-
talline Mn hydroxides, which are not expected to escape
under normal environmental conditions. The mobility
potential of heavy metals in paddy soil samples increases in
the order As \ Cu \ Pb \ Zn \ Cd.
Given the results of the anthropogenic impact on the
paddy soils, a further study on the heavy metal concen-
trations in rice and other edible crop, the remediation
process of the paddy soils and a dietary study of the local
population are an unavoidable necessity.
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